Techno-economic modelling of the energy systems: Development of Australian conditions for technology assessment  by Gurba, Lila W. & Lowe, Allen
    
 
Energy 
Procedia 
 
Energy  Procedia  00 (2008) 000–000 
www.elsevier.com/locate/XXX 
 
GHGT-9 
Techno-Economic Modelling of the Energy Systems: Development 
of Australian Conditions for Technology Assessment 
Lila W. Gurbaa,b,* Allen Lowec 
aCRC for Greenhouse Gas Technologies, Canberra, 2601, Australia 
bUniversity of New South Wales, Sydney 2052, Australia 
cTechnology Consultant, Sydney, Australia 
 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
A number of factors applied in techno-economic analysis of the energy systems intrinsically have high uncertainty.  Carbon 
dioxide capture and storage (CCS) is based on relatively new technology.  Therefore, its characteristics and its future role in the 
energy system are subject to some degree of uncertainty.  These uncertainties include methodological issues and technology 
characteristics that affect the cost-effectiveness of CO2 capture and storage.  This is understandable as different authors consider 
different technologies, scenarios, and reference cases, providing circumstances that preclude rigorous comparisons or evaluation 
of different alternative technologies.  In order to provide greater clarity and uniformity in reporting the technology performance 
and cost data between research providers, a set of Reference for Australian Conditions and a reporting format for Technology 
Assessment are proposed.  Key inputs to technology comparison studies in Australia may differ substantially to those used in 
overseas studies. 
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1. Introduction 
Techno-economic assessments are carried out to assess the relative performance of alternative power generation 
technologies.  Numerous approaches may be adopted to carry out such studies and a variety of assumptions may be 
made.  This can create difficulties in comparing conclusions from different research studies.  Carbon dioxide capture 
and storage (CCS) is based on relatively new technology. Therefore, its characteristics and its future role in the 
energy system are subject to some degree of uncertainty. The uncertainties associated with such assessments include 
methodological issues and technology characteristics that will affect the cost-effectiveness of CO2 capture and 
 
* Corresponding author. Tel.: +61 2 9385 8753; fax: +61 2 9385 1558 
E-mail address: l.gurba@unsw.edu.au. 
c 2009 CO2CRC Published by Elsevier Ltd.
r Procedia 1 (2009) 4387–4394
www.elsevier.com/locate/procedia
doi:10.1016/j.egypro.2009.02.253
Open access under CC BY-NC-ND license.
 Lila Gurba/ Energy Procedia 00 (2008) 000–000 
storage [1].  A range of estimates for the cost of abatement technologies, including CCS technologies, have been 
published for the world, as well as different regions and countries. A major shortcoming, however, is that the cost 
estimates vary significantly, and often have great uncertainties.  This is understandable as different authors, 
especially research providers, consider different technologies, scenarios, and reference cases, providing 
circumstances that preclude rigorous comparisons or evaluation of the different technologies involved.  
Communicating the results of such analyses to interest groups would be greatly improved by consistency and clarity 
in the assumptions and methods used for analysis, and also by characterisation and reduction of uncertainties in 
techno-economic modelling.    
 
In Australia there are a number of research providers engaged in techno-economic modelling.  However, 
difficulties in comparing results have arisen in the past, due to inadequate description of the methodology, 
insufficient documentation of the data, errors in the mass and energy balance or inconsistent reference state 
conditions, etc.  To help alleviate these obstacles, the Cooperative Research Centre for Coal in Sustainable 
Development (CCSD), in collaboration with CRC for Greenhouse Gas Technologies (CO2CRC), CSIRO Energy 
Technology, the University of New South Wales, the coal industry and power generators conducted (2002-2006) a 
series of seminars, workshops and other activities, to develop common engineering assumptions for technical and 
economic technology assessments in the Australian context, so that better and more transparent comparisons could 
be conducted for energy system studies.   
 
This paper provides a summary of the discussions and outcomes from the Techno-Economic Modelling 
Workshop held in Sydney in December 2006 [2] as the conclusion of these activities (CCSD completed its term on 
the 30th June 2008).  The main objectives of the meeting were to exchange experience in energy modelling and 
statistics between the IEA, IEA GHG program and different Australian groups, in order to identify and consider the 
issues and uncertainties associated with the techno-economic data and to recommend the Australian reference 
conditions for technology assessment.  A detailed account of the main technical and economic factors discussed at 
the meeting is presented in the background report circulated prior to the meeting [3] from which most of the detail 
presented in this paper has been abstracted.  A reporting format and a set of reference conditions for the Australian 
context were proposed (Table1).   
 
2. Techno-Economic Modelling – Basis for Reporting 
The future role of CO2 capture and storage (CCS) depends on a large number of factors that are not known in 
advance.  In spite of this, governments and investors need to make certain decisions concerning future energy 
systems now, based on the information available.  Techno-economic models can be used to assist that decision 
making process.  Techno-economic modeling may be carried out to achieve a broad range of objectives, which may 
include as summarised by Lowe [3]: 
a) Comparison of the performance of two technologies by a research organization for the purpose of clarifying 
research priorities and directions; 
b) Comparison of two technologies by a business enterprise with a view to selecting one for implementation; 
c) Modeling of a grid system with a view to identifying the impact of a selected technology or technologies on 
the delivered cost of power; 
d) Modeling of national and international energy systems with a view to correct allocation of resources between 
different sectors of the economy.   
Each of these objectives will require numerous assumptions in regard to individual technologies and their 
performance and with respect to the economic parameters that are the basis of the evaluation.  The assumptions may 
well vary between the different objectives.  The present paper focuses on the use of the techno-economic modeling 
to compare alternative technologies from a research point of view.  Reporting should include a schedule of 
fundamental technical and economic criteria in order that users of the report may correctly interpret the results and 
also undertake more sophisticated analyses including comparison between reports from different sources if required.  
Key factors involved include Technical Factors (such as plant capacity, plant efficiency, capacity factor); Ambient 
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conditions, Fuel parameters, Fuel cost and Capital Cost Factors.  These are listed in Table 1 and selected values, 
specific for Australian conditions, are discussed below.   
 
Table 1. Recommended techno-economic parameters and reporting format 
 
Criteria Recommended Values Units 
Objectives 
 The principal objectives of the modelling project to be stated.  
Measure of performance 
 Levelised Cost of Generation  $A/MWh 
 Emission factors  kg/MWh 
Technical Factors 
 Plant capacity (net)  MW 
 Plant Efficiency - Gross basis  %, HHV basis 
 Plant Efficiency - Net basis  %, HHV basis 
 Basis for efficiency calculation Design performance  
 Capacity factor and function with time 85 % 
Ambient Conditions 
 Dry Bulb Temperature [4] 20 °C 
 Wet Bulb Temperature [4] 16 °C 
 Elevation 20 (coastal) 
350 (inland) 
m 
Fuel Parameters 
 Coal proximate analysis Table 2 % as fired basis 
 Coal ultimate analysis Table 2 % as fired basis 
 Coal specific energy Table 2 MJ/kg, gross, as fired 
basis 
 Gas composition  % v/v 
 Gas specific energy  MJ/m3, gross 
 Gas volume reference conditions  °C/kPa 
Capital Cost Factors 
 Total Plant Costs (TPC) comprising installed 
equipment plus engineering and supervision costs 
 $A 
 Total Investment Costs comprising TPC plus Owners, 
inventory and startup costs, spare parts, working 
capital, licence fees, insurance, local and emission 
taxes. 
 $A 
 Standard deviation of capital cost ±20%  
Fuel Cost 
 Unit energy cost  $A/GJ, HHV 
Operation and Maintenance Costs  
 Fixed  $/annum 
 Variable  $/MWh 
Economic Assumptions 
 Project life 25 yrs 
 Construction expenditure profile -3 -2 -1 Yrs from startup 
    Coal  20 45 35 % per year 
   Gas   50 50  
Discount rate 
Basis Real dollars  
Value 7 % 
Taxation Assumptions 
Basis  Tax not considered  
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3. Capacity Factor 
Capacity factor is defined as the ratio of the electric power actually produced to the electric power that would be 
produced over one year with the plant operating at full nameplate rating.  In comparing power plant technologies it 
is common to assume a constant capacity factor of the order of 85% over a 25 year operating life of the station, e.g. 
IEA GHG Programme [5]. 
 
Figure 1 shows estimates of annual capacity factor for a number of Australian black coal fired power stations 
(data from power company Annual Reports) averaged over the three year period 2002/03 to 2004/05 and plotted 
against average age of the plant in years, Lowe [3].  This limited data suggests that capacity factor typically 
decreases with age of power plant under Australian conditions, but that plant commercial lifetime substantially 
exceeds 25 years.  Lowe [3] concluded that while data was not available for all Australian power stations, capacity 
factors above 85% can be maintained for black coal fired power station for in excess of 20 year of operation.  
However, the clear correlation of capacity factors reducing with plant across most plants suggests that this is 
uncommon.  Indeed, it is expected that commercial, rather than technical capability, will determine the operating life 
and actual capacity factors achieved by a plant.   
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Figure 1.  Three-year average capacity factors for Australian power plants, from Lowe [3] 
 
This has clear implications for modelling CCS systems that operate under a competitive electricity market, as in 
Australia.  To maintain such high capacity factors the CCS plant must be among the lowest cost producers on the 
system, ie cost of generation needs to be competitive with the lowest cost alternative generator rather than with the 
average cost of power as is commonly assumed.  Further, the additional complexity of CCS plant will tend to reduce 
long term capacity factors over that of conventional plant.  Key issue: Where would CCS plants actually fit in the 
operating merit order?  
4. Efficiency of Conversion 
The efficiency of conversion is identified as the electrical energy output from the process divided by the heat 
energy in the raw fuel.  However, this definition must be further qualified by consideration of the boundaries of the 
process, the environment into which the plant rejects heat and the basis (of determination of the energy in the fuel 
[6].  Efficiency should be determined on a sent out basis ie electric energy actually available for sale, net of any 
auxiliary energy or energy used internal to power station) and using the same fuel energy basis as is used in 
determining the cost of the fuel, typically a High Heating Value (HHV) basis in Australia.  In addition, other factors 
may be considered as suggested by Lowe [3] and set out in Table 2.  Different technologies respond differently to 
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periods of low load operation, to operation with non standard fuel or off design ambient conditions, and to 
deterioration due to wear and tear.  In principle performance assessment should be performed on the basis of annual 
average sent out efficiency. For pulverised fuel (PF) plant with high load factors this typically will be 1 to 1.5 
percentage points below the design value [3]. However, the impact of part load operation on efficiency of plant with 
CCS does not yet appear to be well characterised. 
 
Table 2. Alternative bases for computing efficiency of generating plant, from Lowe [3] 
 
Efficiency Base Comments 
Design Design ambient and fuel conditions, full load operation. 
Weighted mean Efficiency calculated at a range of unit loads and 
averaged using a weighting according to the operational 
time at each load 
Annual Average Efficiency weighted according to fraction of year spent 
at each load and allowing for performance deterioration 
due to wear and tear. 
  
5. Lower versus Higher Heating Value 
The chemical energy in a fuel is normally stated as either the lower or higher heating value.  When a fuel is 
combusted, all hydrogen (which may be present in the fuel in various chemical compounds) will initially be 
converted to water vapor.  The higher heating value (HHV) considers the heat released upon condensation of this 
water vapor (latent heat/condensation), while the lower heating value (LHV) excludes this heat.  An efficiency 
related to the chemical energy in the fuel should always state if LHV or HHV has been assumed.  The calculation of 
efficiency is affected by the choice of either higher or lower heating value in the calculation.  In parts of Europe and 
elsewhere, the lower heating value (LHV) is commonly used in reporting thermal efficiencies.  In the United States, 
Australia and some parts of Asia HHV is commonly used to quote efficiencies, except for gas turbine vendors, who 
use LHV.  The IEA GHG program normally uses LHV [5].   
 
Plants appear more efficient on a LHV basis.  The numerical difference between LHV and HHV depends on the 
fuel.  A study by Ikeda [7] indicates that for a set of Australian coals sent out efficiency (HHV basis) varies from 2.8 
to 1.2 percentage points below efficiency on LHV basis, and that choice of heating value basis (HHV or LHV) 
affects the relative order of thermal efficiency among the coals.  The simulation also shows that sent out efficiency 
on a LHV basis is less sensitive to coal selection than efficiency on a HHV basis.  Key issue: It can therefore be 
concluded that there is some potential for confusion in this area.  The importance of understanding and reporting the 
base on which efficiency is calculated is clear. 
6. Ambient Conditions 
Ambient conditions at the site of a power plant can significantly affect the performance of the plant.  Therefore, 
for the results of modelling to be relevant, careful attention should be paid when selecting the reference conditions.  
A generation plant located in a cold climate will usually demonstrate a higher efficiency than one in a hot location 
[6].  Ambient conditions of importance include wet bulb and dry bulb temperatures and the elevation of the site.  As 
the most likely performance of the plant is required for technology comparison, the performance calculation should 
be based on the most likely ambient conditions.  Lowe et al. [4] reviewed ambient conditions applying at selected 
sites and the corresponding performance of conventional power plant design.  A review of hourly temperature data 
from five Australian sites, selected to be close to coal fields or existing power stations was carried out.  The effect of 
ambient conditions on predicted performance was found to depend on modelling assumptions, in particular those 
made regarding low pressure turbine exhaust flow area and cooling system effectiveness.  Recommended reference 
ambient conditions for coastal and inland areas, based on the data, are included in Table 1.   
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7. Thermal Efficiency versus Coal Selection 
The choice of reference coal properties has an impact on both sent out thermal efficiency and the specific CO2 
emission from the power plant [7].  All else being equal, power plants using high-ash, high-moisture coal have a 
lower efficiency than plants using low-ash, low-moisture coal. Ikeda et al. [8] applied GE Energy’s GateCycleTM 
software to compare the technical performance of different alternative technologies based on the CCSD reference 
coal set.  The study found that thermal efficiency (HHV basis) increased by more than 2% absolute over the range of 
sub-bituminous to semi-anthracite coal irrespective of technology choice.   
 
The set of Australian coals (including the CCSD reference coal set) are plotted in Figure 2 in terms of oxygen to 
carbon and hydrogen to carbon atomic ratios [3]. The use of O/C and H/C atomic ratios illustrates the scatter in coal 
chemical composition and correlates well with coal rank.  A subset of five of the CCSD coals are proposed for use 
in comparing effects of coal properties on technology performance.  These coals were selected to cover the range of 
coal rank for Australian thermal coals. Analyses of the recommended coal selection are provided in Table 3. It is 
noted that the recommended set of analyses is based on export quality (low ash) coal. For modelling technology 
performance under domestic conditions it is likely that higher ash coals will be used, although moderate changes in 
ash level will have only a minor effect on thermal efficiency for most technologies. It is also noted that coal 
CRC283 is of similar in composition to the coal used by IEA GHG in modelling technology performance, although 
having a sulphur content more in line with the majority of Australian coals.  
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Figure 2. Comparison of Australian thermal coals plotted on O/C versus H/C atomic ratio coordinates, with 
recommended coal composition shown separately (circles), from Lowe [3].   
 
Table 3.  Coal properties recommended for modeling studies in Australia 
 
Coal ID Proximate Analysis (% af) Specific 
Energy 
Ultimate Analysis (% daf) 
moisture ash VM FC MJ/kg (af) C H N S O 
           
CRC281 
 
6.7 9.3 8.3 75.7 30.05 91.40 3.77 1.88 0.76 2.20 
CRC310 
 
7.7 11.1 23.2 58.0 28.20 85.80 5.03 1.99 0.81 6.40 
CRC283 
 
8.3 11.2 29.6 50.9 27.64 83.70 5.45 1.81 0.47 8.60 
CRC252 
 
14.4 11.1 36.9 37.6 24.40 78.60 6.10 1.07 0.48 13.75 
CRC441 
 
25.0 8.0 27.6 39.4 19.20 75.10 4.36 1.39 0.50 18.60 
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8. Discount Rate 
The discount rate used in techno-economic analysis may be taken as the expected return on the stakeholders’ 
alternative investment.  The return on investment required by an investor to commit funds is expected to reflect the 
perceived risk of the project, and the discount rate should therefore depend in some way on the risk profile of the 
specific technology being assessed.  The discount rate will also differ among world regions, on the availability of 
capital, the value of alternative investments and on the impact of numerous other exogenous risks than may affect 
the project. Reflecting these uncertainties widely varying discount rates have been applied in techno-economic 
analysis. The IEA GHG base case uses 10% real [5].  The CO2CRC methodology use 7% real as a central 
assumption, and quotes costs at discount rates from 5% to 15% in steps of 1%, Allinson et al [9].  Higher rates may 
be required by some investors, e.g. oil companies that may have high value alternative investments.  
 
An alternative, more transparent, approach would be to specifically allow for risk in the assessment as 
recommended by Lowe [3]. This can be done by allowing a factor in capital cost for design modifications or similar, 
and by allowing increased commissioning times, reduced capacity factors, etc. This would also allow the use of a 
standard discount factor eg 7 % which is consistent with commercial data for conventional utility operations.   
9. Conclusions 
Carbon dioxide capture and storage (CCS) is increasingly seen as a possible option for mitigating climate change.  
In order to provide decision-makers with a good research basis to consider application of this technology, more 
insight is needed into the issues surrounding the uncertainties in methodology and technology characteristics that 
will affect the cost-effectiveness of CCS technology.  The electricity sector represents by far the most important 
sector where CCS can be applied.  Consistent conventions for describing the performance and cost characteristics of 
power generating technologies are required to avoid confusion in communicating its potential.  Below are some of 
the key points that were highlighted in discussions during the course of the Workshop, extracted from [2] and [3]:  
x Capital cost and certain other factors involved in techno-economic modelling are often known only with 
relatively large uncertainty. This uncertainty does not warrant the detailed assessment of the numerous minor 
factors contributing to capital cost, and these can be simply incorporated into a single multiplier factor.  
 
x Different modelling objectives require different approaches to factors such as treatment of tax. It appears that, 
in view of the uncertainty attached to key parameters, a simple calculation neglecting tax is adequate for the 
purpose of comparing competing technologies from a research perspective. However such an approach does not 
yield a price of electricity that is directly comparable with market price. 
 
x When comparing technologies with different project lives, a levelised cost calculation based on the expected 
life for each technology will yield the correct result. However where both technologies have lives of 25 years or 
more and the capital costs are of similar order, the error involved in assuming a common project life of 25 years 
is small. 
 
x Assigning a constant high capacity factor over the full project life does not appear to correctly represent current 
power system behaviour in Australia except in limited instances. However, a constant high capacity factor 
would be appropriate where plant is the highest merit plant in the system, due to low generation cost or other 
operational drivers such as legislated emission minimisation. 
 
x The application of a limited range of discount rates in the analysis will not accurately reflect differences in 
technology risk or uncertainty in factors such as capital cost. Such uncertainty should be specifically discussed. 
 
x Several studies have been published around the world comparing CO2 emissions, costs and technical 
performance of various power generation alternatives.  A major shortcoming, however, appears to be in lack of 
systematic assumptions and design premises.  The majority of these studies have tended to concentrate on 
European conditions and do not adequately reflect the regime of Australian power plants.  Care should be taken 
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in adapting and comparing such results. The results of similar studies can only be compared as long as a 
common base is used for input parameters, numerical procedures, technology standards and user behaviour. 
x The choice of Low Heating Value (Europe, IEA GHG program) or High Heating Value (USA, Australia) often 
adds to the confusion in efficiency reporting.  This should be considered in the ongoing energy debate.  (Plants 
are more efficient on a LHV basis – everyone wants their plants to appear more efficient). 
 
x A set of technical parameters for research based technology assessments in Australia is herein proposed, and it 
is suggested that a comprehensive summary of modelling assumptions should be incorporated as an appendix 
into reports in order that users of the report may correctly interpret results.  It should be noted however, that 
inputs appropriate for Australia often differ substantially to those used in overseas studies. 
 
x The choice of reference coal properties has an impact on the sent out thermal efficiency and the specific CO2 
emissions from the power plant.  A set of Australian reference coals for use in techno-economic modelling is 
also proposed. 
 
There are increased needs and opportunities for advanced research directly related to achieving cost reduction and 
improved performance for advanced power systems.  Some suggested topics for further consideration include the 
identification of uncertainties in techno-economic modelling and integration of CCS into the National Electricity 
Market. Quantification of uncertainties are critical to identify robust system designs, risks, potential markets, and 
key problem areas that should be targeted for research to reduce technological risks while introducing CCS 
technologies.   
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